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1. Introduction

Structure functions in deep-inelastic scattering (DI®)among the most extensively measured
observables. Today the combined data from fixed-targetrerpats and the HERA collider spans
about four orders of magnitude in both Bjorkeand the scal€? = —qg? given by the momentum
g of the exchanged electroweak gauge boson [1]. In this répocus on thaV-exchange charged-
current (CC) case, see Refs. [2, 3, 4] for recent measureniemteutrino DIS and at HERA. |
present new Mellin moments for coefficient functions in camakion vp — vp and discuss the
results for differences between the corresponding crgssien and -odd coefficient functions. |
show suppression of such differences in largdllimit and discussx$ correction to the Paschos-
Wolfenstein relation [5].

2. Results for the CC coefficient functions and their applicéions

Recently the first five odd-integer moments have been cordpoftéhe third-order coeffi-
cient functions forF,'’~"P in charged-current DIS, together with the correspondingneats
N=2,...,10 for F;’"""P [6]. Meanwhile calculation of new results for 11'th moment the
first and 12'th moment for the latter case has been finishedus#/escale choicg, = p; = Q and
standard QCD colour factofs, = 3 andC. = 4/3 throughout this paper and denote the Mellin-
N moments of corresponding coefficient functionsC§%, a = 2,3,L. Following the formalism
outlined in [6] we find the following numerical results

151 = 142101295976 + a2 (7223767644 51.01867375 )
+a3(2902051723 4259717409 + 89.5342065%2),
Cl;, = 0.4444444444 + a2 (3042631299 1.781422693) )
+a3(2021685213- 2663750308, + 7.082458684 %),
1S, = 1+ 22.20106054 + a2 (7746238566 53.26617873 )
+a3(3115295983 4483444700, + 9141515482, 2), (2.1)

where the normalized coupling constamt= as/(4m) andn; denotes the number of effectively
massless quark flavours. The results in analytical form egfiotnd in App. A.

Unlike fixed-N calculations for the combinationp — vp, the complete three-loop results for
F, 7P [7, 8] (the ad coefficient functions for this process are those of photaiange DIS, but
without the contributions of thély; flavour classes) anBYP+"P [9] facilitate analytic continua-
tions to these values df. This continuation has been performed using ttspace expressions
and the Mellin transformation package provided with varsioof FORM [10]. Thus we are in a
position to derive the respective moments of the hithertcnown third-order contributions to the
even-odd differences which are defined as

5Co = CUPFP PP 5Cs = CIP PP 2.2)

The signs are chosen such that the differences are alwagts-eodd’ in the momenthl accessible
by the OPE, and it is understood that @¥dapc part of C;P"P [11, 9] is removed before the
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difference is formed. The non-singlet quantities (2.2)eham expansion in powers at,
5Ca = § alacy. (2.3)

There are no first-order contributions to these differeneence the sums startlat 2 in Eq. (2.3).
Here | present only numerical results for the differencesesponding to the Mellin moments in
Egs. (2.1) whereas the corresponding results in analyficced are shown in App. B. The lower
Mellin moments of such differences can be found in Ref. [12§ing the notatio®C, n for the
N-th moment ofd C,(x) the results for higher Mellin moments read

5Cy11 = —0.0040838687562 + a3 (+0.1559414787- 0.01710053058 ) ,
5CL11 = —0.0016701750182 + a3(—0.3317043993- 0.006939009888; ) ,
5Cs12 = —0.0097090816562 + a3 (—0.6201718804- 0.01191844788;) .  (2.4)

The newa$ contributions are rather large if compared to the leadirgpisé-order results also
included in Egs. (2.4) with, e.gas = 1/50 corresponding tats ~ 0.25. On the other hand, the
integerN differencesdC,n are entirely negligible compared to thep+ vp momentsC,y of
Egs. (2.1) and Refs. [11, 6].

To discuss the colour structure of the results | presentithpart for 5C; 11 with analytical
colour factor dependence

3¢, = 0.9495866026 C2, — 0.40760416582Cra + 0.07695238768-Cra; . (2.5)

One notes here that result contains an overall faCtar= Cr —C,/2 = —1/(2N;). This occur-
rence is typical for all calculated differencésf’)N. Hence the third-order even-odd differences are
suppressed in the largé- limit as conjectured; to all orders, in Refs. [13, 14]

Let us now consider consequences of the moments of the typdZE4) for thex-space func-
tions 505,13) (x). For moment-based approximations a simple ansatz wasrcherse its free param-
eters were determined from the first five moments availabkef [12]. This ansatz is then varied
in order to estimate the remaining uncertainties. Finally approximations, denoted below By
andB, are selected which indicate the widths of the uncertaiatyds. FoiF, these functions are,
with Lg=InX, X1 =1—xandL; =InXq,

SCoA(X) = (54.478L2 +3046L1 +69168x)x; +17914Lo — 0.1826L3
+1; {(20.822¢ — 2821 (1+ %)) X1 — (28558x+ 1123 — 3.587LF) Lo} ,

5Cyh(X) = —(13378L3 4 97.60L; +11812X) x; — 9119613 — 0.4644L5
+ 1 {(4.522L, + 447.88(1+ %)) %1 + (51402x+ 147.05+ 7.386Lo) Lo} .  (2.6)

The uncertainty band presented by Egs. (2.6) does not liiadicate the range of applicability,
since the coefficient functions enter observables only maathening Mellin convolutions with
non-perturbative initial distributions. As result thetical uncertainties for physical observables
become even smaller (see Ref. [12] for details). It is wartinéntion that the new Mellin moments
in Egs. (2.1) and (2.4) are consistent with the approximatizased on the first five Mellin moments
only, thus confirming the reliability of the uncertainty iesates.
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The approximations (2.6) and analogue of it Enf_3)(x) can be used to determire cor-
rections to the Paschos-Wolfenstein relations (see R2f.ddd references therein for details and
discussion)

1 u —d +c —s 7 . 1 .
R = E—smzew + rd {1—§sm26\/v + (E—&nza,\,).

% [as+1.689aZ + (3.661+£0.002) o | } +O0((u+d)?) +0(as). (2.7

The ratio (2.7) is an expansion o and inverse powers of the dominant isoscalar combination
u- +d-, whereq = j’oldx x(q(x) —q(x)) is the second Mellin moment of the valence quark
distributions. The third term in the square brackets isrdeiteed with ouraZ corrections and the
perturbation series appears reasonably well convergdrauglh the correction in not negligible.
On the other hand, due to the small prefactor of this expan#i® new third-order term increases
the complete curved bracket in Eq. (2.7) by only about a pereehich can therefore by considered
as the new uncertainty of this quantity due to the truncaicthe perturbative expansion.

3. Summary

In this report | have presented new results for 11'th Mellioment forC5®° andC"™® Wilson
coefficient functions as well as 12’th moment @ function. | have discussed the Mellin moments
for differences between the corresponding crossing-emdn@dd coefficient functions and use of
these to obtain approximations in Bjork&ispace which are ready for phenomenology applications
(see, e.g., Ref. [15]). It was shown that the differencessampressed by the number of colours.
The third order QCD correction to the Paschos-Wolfenstelation was obtained with help of the
approximations in Bjorkemx-space. The correction was found to be small.
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A. Appendix

In this Appendix | present the analytic expressions up tecagd for the coefficient functions
C231 Cl'1; andC33, at the scalgur = ps = Q. The notation follows Sec. 2 where these functions
were presented numerically in Egs. (2.C), andCr are the standard QCD colour factoB, = N
andCr = (N2 —1)/(2N.), and{; stands for Riemann’g-function. The Wilson coefficients read
Gu=1

Lal 13105783
8- "831600
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B. Appendix

Here | present the analytic expressions for the Mellin-epamefficient-function differences

50(23}1 6cﬂl and 5cé3}2 given numerically in Egs. (2.4). We use the notations and&aiions as

specified in Sec. 2. The moments of this quantity are given by
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